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Abstrat
We start with a nonommutative version of the Jakiw-Teitelboim
gravity in two dimensions whih has a linear potential for the dilaton
elds. We study whether it is possible to deform this model by adding
quadrati terms to the potential but preserving the number of gauge
symmetries. We nd that no suh deformation exists (provided one
does not twist the gauge symmetries).
1 Introdution
Dilaton gravities in two dimensions [1℄ are a good testing ground for many the-
oretial ideas also relevant in higher dimensions. After some eld redenitions
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almost all interesting models of that type an be written in the form
S =
∫
d2xεµν
(
φ∂µων + φaDµe
a
ν − εabe
a
µe
a
νV (φ)
)
, (1)
where eaµ is the zweibein, ε
µν
is the Levi-Civita symbol (see Appendix A for
our sign onventions). The ovariant derivative
εµνDµe
a
ν = ε
µν
(
∂µe
a
ν + ωµε
a
be
b
ν
)
(2)
ontains the spin onnetion ωµε
a
b. Here φ is a salar eld alled the dilaton.
φa is an auxiliary eld. In the ommutative ase, whih we are onsidering
at the moment, any hoie of the potential V (φ) leads to a onsistent model.
Two examples are of partiular importane for us. A onstant potential V
orresponds to the (onformally transformed) string gravity, also alled the
Witten blak hole [2℄. For a linear potential V (φ) ∝ φ one gets the Jakiw-
Teitelboim (JT) model [3℄, whose equations of motion were studied earlier in
[5℄.
The auxiliary eld φa generates the ondition that ωµ is the Levi-Civita
onnetion ompatible with eaµ. Under this ondition ε
µν∂µων beomes pro-
portional to the usual Riemann urvature (the terms proportional to φa, of
ourse, disappears). In this way one arrives at a seond order formalism,
whih may be more familiar to some of the readers. However, the rst order
ation (1) has many advantages over the seond order one. For instane, the
lassial equations of motion are muh easier to solve [6℄, and in the quantum
ase, it is possible to perform the path integral over the geometri variables
even in the presene of additional matter elds [7℄.
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In this paper we study whih models of 2D dilaton gravity an be formu-
lated on nonommutative spaes. Let us dene the star produt of funtions
whih will replae the usual pointwise multipliation. The Moyal star produt
of funtions on R
2
reads
f ⋆ g = f(x) exp
(
i
2
θµν
←−
∂ µ
−→
∂ ν
)
g(x) . (3)
θ is a onstant antisymmetri matrix. This produt is assoiative, (f ⋆ g)⋆h =
f ⋆ (g ⋆ h). In this form the star produt has to be applied to plane waves
and then extended to all (square integrable) funtions by means of the Fourier
series. Obviously,
xµ ⋆ xν − xν ⋆ xµ = iθµν . (4)
Furthermore, the Moyal produt is losed,
∫
M
d2xf ⋆ g =
∫
M
d2xf × g (5)
(where × denotes usual pointwise produt), it respets the Leibniz rule
∂µ(f ⋆ g) = (∂µf) ⋆ g + f ⋆ (∂µg), (6)
and allows to make yli permutations under the integral
∫
M
d2xf ⋆ g ⋆ h =
∫
M
d2xh ⋆ f ⋆ g . (7)
3
The omplex onjugation reverses the order of fators,
(f ⋆ g)∗ = g∗ ⋆ f ∗. (8)
The produt (3) is not the only possible hoie of an assoiative nonommu-
tative produt. The right hand side of (4) an depend, in priniple, on the
oordinates.
An important step towards onstruting a satisfatory nonommutative
gravity was reently made by Wess and ollaborators [8℄, who understood how
one an onstrut dieomorphism invariants, inluding the Einstein-Hilbert
ation, on nonommutative spaes (see also [9℄ for a real formulation). There
is, however, a prie to pay. The dieomorphism group beomes twisted, there
is a non-trivial oprodut due to whih the ation of the symmetries on tensor
produts looks very unusual [10, 11℄.
In two dimensions it is possible to onstrut nonommutative (dilaton)
gravity models with an usual (non-twisted) realization of gauge symmetries.
A nonommutative version of the Jakiw-Teitelboim (NCJT) model was on-
struted in [12℄ and then quantised in [13℄. A nonommutative Witten blak
hole model was suggested in [14℄. Both these models are of the Yang-Mills
type: the JT model is equivalent to a topologial BF model; the Witten blak
hole may be represented as a Wess-Zumino-Novikov-Witten model. There are
some general proedures of how suh models an be formulated in the non-
ommutative ase (see [12, 15℄). It is important therefore to hek whether
one an go beyond the Yang-Mills paradigm. Besides, if we are on the right
trak, dilaton gravities should exist not only for linear or onstant potentials,
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but also for an arbitrary potential V . In the present paper we study whether
quadrati potentials are allowed.
To analyze the gauge symmetries we use the anonial formalism for non-
ommutative spaetime developed in [14℄. This is not a anonial formalism
in the usual sense of the word
1
[16, 17℄, but it makes it possible to dene the
notion of rst lass onstraints and to assoiate a gauge symmetry to them. As
to ommutative gauge theories, it was onjetured by Dira that all rst-lass
onstraints at as generators of gauge transformations. For some lasses of
ommutative gauge theories this onjeture an be proved and, in addition, it
turns out that the number of independent non-trivial gauge transformations
is equal to the number of primary rst-lass onstraints [16℄. The symmetry
struture of a general ommutative gauge theory was reently desribed in de-
tail and related to the onstraint struture of the theory in the Hamiltonian
formulation [18℄. In partiular, the gauge harge was onstruted expliitly as a
deomposition in the speial orthogonal onstraint basis. It was demonstrated
that, in the general ase, the gauge harge annot be onstruted with the
help of rst-lass onstraints alone, for its deomposition also ontains speial
ombinations of seond-lass onstraints.
Consider those lassial ations whih an be represented in the form
S =
∫
d2x
(
pi∂0qi − λ
i ⋆ Gi(p, q)
)
, (9)
so that the expressions ('onstraints') Gi(p, q) do not ontain expliit time
1
Sine the spae-time nonommutative theories are non-loal in time and ontain an
innite number of time derivatives hidden in the star produt, it is obvious that some
modiation of the standard anonial formalism is neessary.
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derivatives (impliit time derivatives are always present through the star prod-
ut). The paper [14℄ demonstrated that one an dene the anonial pairs
ignoring impliit time derivatives in the star produt. In this sense pi beome
anonially onjugated to qi. The brakets are then dened by the equation
{qi(x), p
j(y)} = δji δ
2(x− y). (10)
This denition an be extended to all polynomial funtionals on the phase
spae (see [14℄). If the brakets between the onstraints are again linear om-
binations of onstraints, then the nonommutative ation has a gauge sym-
metry assoiated to eah Gi. In this sense, the Gi may be alled rst lass
onstraints.
The most unusual property of the braket (10) is the presene of the delta-
funtion of the time oordinates on the right hand side. However, sine the
spae-time nonommutative theories are nonloal in the time diretion, re-
strition of the brakets of the phase spae variables alulated at the same
value of time does not look natural and even onsistent. The presene of an
additional delta-funtion in (10) reminds us of the Ostrogradski formalism for
the theories with higher temporal derivatives (see [19, 20℄ and [14℄ for a more
extensive disussion). Anyway, one an also use the brakets (10) to analyse
gauge symmetries in ommutative theories. It is not lear, however, whether
one an use the modied brakets for quantization. In the present paper we
shall exlusively use (10) to dene the Poisson struture.
We shall demonstrate that one annot onsistently add quadrati terms
to the dilaton potential of the NCJT model, so that it is stable against suh
6
deformations.
2 Nonommutative Jakiw-Teitelboim gravity
A nonommutative version of the Jakiw-Teitelboim model has been on-
struted in [12℄. It has been identied with a U(1, 1) gauge theory on nonom-
mutative R
2
. The ation reads
S(0) =
1
4
∫
d2x εµν
[
φab ⋆
(
Rabµν − 2Λe
a
µ ⋆ e
b
ν
)
− 2φa ⋆ T
a
µν
]
(11)
with urvature tensor
Rabµν =ε
ab
(
∂µων − ∂νωµ +
i
2
[ωµ, bν ] +
i
2
[bµ, ων ]
)
+ ηab
(
i∂µbν − i∂νbµ +
1
2
[ωµ, ων]−
1
2
[bµ, bν ]
)
(12)
and with nonommutative torsion
T aµν = ∂µe
a
ν − ∂νe
a
µ +
1
2
εab
(
[ωµ, e
b
ν ]+ − [ων , e
b
µ]+
)
+
i
2
(
[bµ, e
a
ν ]− [bν , e
a
µ]
)
. (13)
There are two dilaton elds, φ and ψ, whih are ombined into
φab := φεab − iηabψ . (14)
All ommutators (denoted by square brakets) and antiommutators (denoted
by [ , ]+) are alulated with the Moyal star produt.
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We note that (11) ontains more elds than the initial ommutative model.
This is related to the fat that the gauge group of the ommutative JT model,
whih is SU(1, 1), annot be losed on the nonommutative plane. To make
the losure, one introdues additional U(1) elds ψ and bµ whih deouple in
the ommutative limit.
One an rewrite (11) in the anonial form:
S(0) =
∫
d2x
(
pi∂0qi − λ
i ⋆ G
(0)
i
)
, (15)
where
qi = (e
a
1, ω1, b1),
pi = (φa, φ,−ψ), (16)
λi = (ea0, ω0, b0).
The onstraints are
G(0)a = −∂1φa +
1
2
εba[ω1, φb]+ +
i
2
[φa, b1]
+
Λ
2
(
−εab[e
b
1, φ]+ + iηab[e
b
1, ψ]
)
, (17)
G
(0)
3 = −∂1φ+
i
2
[φ, b1] +
i
2
[ψ, ω1]−
1
2
εab[φa, e
b
1]+ , (18)
G
(0)
4 = ∂1ψ −
i
2
[ψ, b1] +
i
2
[φ, ω1] +
i
2
[φa, e
a
1] . (19)
It is easy to hek that the onstraint algebra loses, and the brakets
8
between the onstraints read
{∫
αa ⋆ G(0)a ,
∫
βb ⋆ G
(0)
b
}
=
= −
Λ
2
∫ (
εab[α
a, βb]+ ⋆ G
(0)
3 + i[αa, β
a] ⋆ G
(0)
4
)
(20)
{∫
α ⋆ G
(0)
3 ,
∫
β ⋆ G
(0)
3
}
=
i
2
∫
[α, β] ⋆ G
(0)
4 (21){∫
α ⋆ G
(0)
4 ,
∫
β ⋆ G
(0)
4
}
= −
i
2
∫
[α, β] ⋆ G
(0)
4 (22){∫
α ⋆ G
(0)
3 ,
∫
β ⋆ G
(0)
4
}
= −
i
2
∫
[α, β] ⋆ G
(0)
3 (23){∫
α ⋆ G
(0)
3 ,
∫
βa ⋆ G(0)a
}
= −
1
2
∫
[α, βa]+ ε
b
a ⋆ G
(0)
b (24){∫
α ⋆ G
(0)
4 ,
∫
βa ⋆ G(0)a
}
= −
i
2
∫
[α, βa] ⋆ G(0)a (25)
Here we introdued a short-hand notation
∫
:=
∫
d2x.
3 Deformations
Let us now disuss deformations of the NCJT model. We shall add some terms
to the ation (11) so that (i) the eld ontent of the model will not be hanged,
and (ii) the number of seondary rst lass onstraints (and, onsequently, the
number of gauge symmetries) will also remain invariant. Being inspired by
ommutative dilaton gravity models we only onsider the deformations of the
potential term, and we only add terms of the next (quadrati) order in the two
dilaton elds φ and ψ.
In addition to analogies with the ommutative ase, there are also other
reasons for not onsidering deformations of the urvature and torsion terms.
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For example, replaing φab in (14) by a non-linear funtion of the dilatons is
equivalent to a redenition of the dilaton elds. Adding higher powers of the
urvature in general adds new degrees of freedom to the theory, and this is a
more drasti modiation than it is usually understood as deformations. The
same also refers to torsion terms.
Further restritions on possible deformations are imposed by the global
symmetries of the model whih we would like to preserve. First of all, we
require the symmetry with respet to global rotation of the tangential and
world indies. This implies that all indies must be ontrated pair-wise. We
also require that the terms being added are of even parity. Sine φ is a salar,
and ψ is a pseudo-salar, even (odd) powers of ψ should be multiplied with
even (odd) powers of the Levi-Civita symbol ε. As a result, we obtain the
following family of quadrati deformations of the NCJT model
S = S(0) + S˜, (26)
where
S˜ =
∫
d2x
(
εµνεab
(
c1e
a
µ ⋆ e
b
ν ⋆ φ
2 + c2e
a
µ ⋆ e
b
ν ⋆ ψ
2
+c3e
a
µ ⋆ φ ⋆ e
b
ν ⋆ φ+ c4e
a
µ ⋆ ψ ⋆ e
b
ν ⋆ ψ
)
+ εµνηab
(
c5e
a
µ ⋆ e
b
ν ⋆ [φ, ψ] + ic6e
a
µ ⋆ e
b
ν ⋆ [φ, ψ]+
+
i
2
c7(e
a
µ ⋆ φ ⋆ e
b
ν ⋆ ψ − e
a
µ ⋆ ψ ⋆ e
b
ν ⋆ φ)
))
. (27)
The arbitrary onstants c1, c2, ..., c7 must be real to preserve the reality of
the total ation S. The powers are taken with the star-produt, for example
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φ2 ≡ φ ⋆ φ.
The onstraints read
Ga = G
(0)
a + G˜a, G3 = G
(0)
3 , G4 = G
(0)
4 , (28)
where
G˜a =εab
(
c1[e
b
1, φ
2]+ + c2[e
b
1, ψ
2]+ + 2c3φe
b
1φ+ 2c4ψe
b
1ψ
)
+ ηab
(
c5[e
b
1, [φ, ψ]] + ic6[e
b
1, [φ, ψ]+] + ic7(φe
b
1ψ − ψe
b
1φ)
)
. (29)
Our next step is to hek whether the onstraint algebra still loses on
the onstraint surfae
2
. Sine the onstraints G3 and G4 are unhanged, the
brakets between them (21) - (23) are the same. It is an easy exerise to hek
that for all values of the onstants cm
{∫
α ⋆ G4,
∫
βa ⋆ G˜a
}
= −
i
2
∫
[α, βa] ⋆ G˜a . (30)
Consequently, for any values of cm the braket between G4and Ga,
{∫
α ⋆ G4,
∫
βa ⋆ Ga
}
= −
i
2
∫
[α, βa] ⋆ Ga , (31)
is again a onstraint in the new set (28), so that we are getting no restritions
on cm.
2
In priniple, other substantial modiations of the onstraint algebra may our, but
not in the present ase. We limit the number of gauge symmetries to four, so only four
rst lass onstraints are allowed, beause there are only four anonial pairs of variables.
Therefore, the only possibility is that Gi are rst lass and that their brakets give again
linear ombinations of Gi.
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Let us now onsider the braket between G3 and Ga,
{∫
α ⋆ G3,
∫
βa ⋆ G˜a
}
=
1
2
∫ [
c1
(
βa ⋆ [[α, e
a
1]+, φ
2]+
+iβa ⋆ εab[e
b
1, [[α, ψ], φ]+]+
)
+ c2
(
βa ⋆ [[α, e
a
1]+, ψ
2]+
−iβa ⋆ εab[e
b
1, [[α, φ], ψ]+]+
)
+ 2c3 (βa ⋆ φ ⋆ [α, e
a
1]+ ⋆ φ
+iβa ⋆ εab([α, ψ] ⋆ e
b
1 ⋆ φ+ φ ⋆ e
b
1 ⋆ [α, ψ])
)
+ 2c4 (βa ⋆ ψ ⋆ [α, e
a
1]+ ⋆ ψ
−iβa ⋆ εab([α, φ] ⋆ e
b
1 ⋆ ψ + ψ ⋆ e
b
1 ⋆ [α, φ])
)
+ c5
(
βa ⋆ εab[[α, e
b
1]+, [φ, ψ]] + iβa ⋆ [e
a
1, [[α, ψ], ψ]− [φ, [α, φ]]]
)
+ ic6
(
βa ⋆ εab[[α, e
b
1]+, [φ, ψ]+] + iβa ⋆ [e
a
1, [[α, ψ], ψ]+ − [φ, [α, φ]]+]
)
+ ic7
(
βa ⋆ εab(φ ⋆ [α, e
b
1]+ ⋆ ψ − ψ ⋆ [α, e
b
1]+ ⋆ φ) (32)
+iβa ⋆ ([α, ψ] ⋆ e
a
1 ⋆ ψ − φ ⋆ e
a
1 ⋆ [α, φ] + [α, φ] ⋆ e
a
1 ⋆ φ− ψ ⋆ e
a
1 ⋆ [α, ψ]))] .
First we observe that the right hand side of (32) ontains no terms with deriva-
tives. This exludes the possibility of the braket (32) ontaining any terms
proportional to (17), (18), or (19). Therefore, this braket an only be pro-
portional to (29), with oeients (struture funtions) as in (24), so that the
braket between G3 and Ga sums up to beome
{∫
α ⋆ G3,
∫
βa ⋆ Ga
}
= −
1
2
∫
[α, βa]+ ε
b
a ⋆ Gb . (33)
We have to ompare the expressions on both sides of (33) to get restritions on
the onstants cm. There are no monomials on the right hand side of (33) whih
are seond order in φ and have an expliit i fator. At the same time, there is
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suh a term proportional to c5 in (32). Sine all cm are real, we onlude that
c5 = 0. (34)
Next we ompare the terms in whih two φ appear next to eah other3 (om-
bined in φ2). Those terms agree on both sides of (33) if and only if
c6 = −c1. (35)
By omparing the terms where two elds φ appear separated by other elds,
we obtain the following ondition
2c3 = −c7. (36)
Then we repeat the same proedure with the terms whih are quadrati in ψ
to get
c2 = c6, 2c4 = −c7. (37)
The omparison of mixed terms (ontaining both φ and ψ) does not produe
any additional restritions on cm. We onlude that only two independent
onstants (say, c1 and c7) remain, so G˜a an be rewritten as
G˜a =c1
(
εab[e
b
1, φ
2 − ψ2]+ − iηab[e
b
1, [φ, ψ]+]
)
+ c7
(
−εab(φ ⋆ e
b
1 ⋆ φ+ ψ ⋆ e
b
1 ⋆ ψ) + iηab(φ ⋆ e
b
1 ⋆ ψ − ψ ⋆ e
b
1 ⋆ φ)
)
. (38)
It remains to study the brakets between Ga and Gb. Obviously, the brak-
3
This also inludes the terms whih an be put in this form by using property (7).
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ets between G˜a and G˜b vanish, so that all new information is ontained in the
brakets between G
(0)
a and G˜b. The strategy is the same as above. First we
analyze the derivative terms
{∫
αa ⋆ G(0)a ,
∫
βb ⋆ G˜b
}
+
{∫
αa ⋆ G˜a,
∫
βb ⋆ G
(0)
b
}
= (39)
=
∫ [
c1
(
∂1φ ⋆ ([φ, εbc[β
b, αc]+]+ + i[ψ, [αb, β
b]]+)
+ ∂1ψ ⋆ (−[ψ, εbc[β
b, αc]+]+ + i[φ, [αb, β
b]]+)
)
+c7
(
∂1φ ⋆ (−εbc(β
b ⋆ φ ⋆ αc + αc ⋆ φ ⋆ βb) + i(αb ⋆ ψ ⋆ βb − βb ⋆ ψ ⋆ α
b))
−∂1ψ ⋆ (εbc(β
b ⋆ ψ ⋆ αc + αc ⋆ ψ ⋆ βb) + i(αb ⋆ φ ⋆ βb − βb ⋆ φ ⋆ α
b))
)]
+non-derivative terms.
From this equation we see that, sine the braket between Ga and Gb must be
a linear ombination of the onstraints (28), the onstraints appearing on the
right hand side an only be G3 and G4, sine the derivative ∂1φa belonging to
Ga is not present. In fat, one an also obtain the struture funtions from
(39), but their preise form will not be needed. Let us onsider the terms in
the braket whih ontain the zweibein ea1 and the dilaton φ.
{∫
αa ⋆ G(0)a ,
∫
βb ⋆ G˜b
}
=
=
∫ [c1
2
(
εbc[β
b, ec1]+ ⋆ [φ, ε
d
a[α
a, φd]+]+ − [βb, e
b
1] ⋆ [φ, [α
a, φa]]+
)
+
c7
2
(
−εbcβ
b ⋆ εda([α
a, φd]+ ⋆ e
c
1 ⋆ φ+ φ ⋆ e
c
1 ⋆ [α
a, φd]+)
+ βb(φ ⋆ e
b
1 ⋆ [α
a, φa]− [α
a, φa] ⋆ e
b
1 ⋆ φ)
)]
(40)
+ terms without eb1 or φ.
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The arguments presented above show that if the braket (39) loses on exist-
ing onstraints, these onstraints are G3 and G4, and the struture funtions
depend on φ and ψ. In both G3 and G4 the elds e
a
1 and φb appear in the
ombinations [φa, e
b
1] or [φa, e
b
1]+, i.e. they stay next to eah other. Therefore,
all terms where φb and e
a
1 appear separated by other elds should vanish. Let
us hek whether this an be ahieved by adjusting the remaining parameters
c1 and c7. Let us study the terms with φ, φ0, α
0
, β0, e01 where α
0
and β0 stay
next to eah other, but φ0 and e
0
1 are separated. All suh terms in (39) an be
easily olleted with the help of (40). They read
∫
c1
2
[α0, β0] ⋆ (φ0 ⋆ φ ⋆ e
0
1 − e
0
1 ⋆ φ ⋆ φ0). (41)
Sine they are not allowed we onlude
c1 = 0. (42)
Let us now ollet all other terms with the same eld omponents where again
φ0 and e
0
1 are separated but without any restritions on the plaement of α
0
and β0. ∫
c7
2
[e01, φ] ⋆ (β
0 ⋆ φ0 ⋆ α
0 − α0 ⋆ φ0 ⋆ β
0). (43)
Suh terms are also not allowed. Therefore,
c7 = 0. (44)
We have just demonstrated that no onsistent quadrati deformation of the
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NCJT model exists. This means that the NCJT model is stable against suh
deformations.
4 Conlusions
In this paper we studied whether it is possible to deform the ation of the NCJT
model by adding quadrati terms to the dilaton potential while preserving the
number of rst-lass onstraints. The answer we obtained is negative. This,
of ourse, does not exlude the existene of interesting NC gravity models.
There is still the possibility of existing other interating NC dilaton gravities
with usual (non-twisted) gauge symmetries. However, it is lear that most
of the ommutative dilaton gravity models (whih admit arbitrary dilaton
potentials) annot be extended to the nonommutative set-up in this approah.
Therefore, our results may be onsidered as a strong argument in favour of
the twisted approah [8℄, whih allows pratially arbitrary self-interations
of salar elds. We also point out some earlier results [21℄ whih show that
deformations of 2D gravities are trivial if one does not introdue ertain amount
of the quantum group struture. Another important result is the onstrution
of twisted onformal symmetries in two dimensions [22℄. To inorporate twisted
symmetries in the anonial formalism one should probably inlude twists into
the anonial formalism itself.
Finally, sine the spherial redution of higher-dimensional Einstein grav-
ities produes some dilaton gravities in two dimensions, one an expet that
our no-go result an be somehow extended to higher dimensions.
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A Notations and useful identities
Our sign onventions are taken from [1℄. We use the tensor ηab = ηab =
diag(+1,−1) to move indies up and down. The Levi-Civita tensor is dened
by ε01 = −1, so that the following relations hold
ε10 = ε01 = 1, ε
0
1 = ε
1
0 = −ε0
1 = −ε1
0 = 1 . (45)
These relations are valid for both εab and εµν . Note, that εµν is always used
with both indies up.
The following useful identities hold for arbitrary funtions A1, A2, B1 and
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B2:
∫
([A1, B1] ⋆ [B2, A2]− [B1, A2] ⋆ [A1, B2]) =
= −
∫
[A1, A2] ⋆ [B1, B2] (46)∫
([A1, B1]+ ⋆ [A2, B2]+ − [A1, B2]+ ⋆ [A2, B1]+) =
= −
∫
[A1, A2] ⋆ [B1, B2] (47)∫
([A1, B1]+ ⋆ [B2, A2]− [B1, A2]+ ⋆ [A1, B2]) =
=
∫
[B1, B2] ⋆ [A1, A2]+ (48)∫
([A1, B1] ⋆ [A2, B2]− [A1, B2]+ ⋆ [A2, B1]+) =
= −
∫
[A1, A2]+ ⋆ [B1, B2]+ (49)
By means of the formula
εabεcd = ηbcηad − ηacηbd (50)
one an get rid of repeated ε-symbols.
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